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ABSTRACT: 

PROBLEM TO BE SOLVED: To obtain a semiconductor device where a 
short circuit is 

restrained from occurring between lower electrodes even if the 
adjacent 

electrodes are made to approach one another in a capacitor 
provided with 

cylindrical lower electrodes where HSG is formed on their 
surfaces . 

SOLUTION: A trench element isolation oxide film 11 is formed on 
the surface of 

a silicon substrate 10, and a transistor 3 is formed in an active 
region other 

then an element isolation region. The storage electrode 7 of a 
capacitor 15 

buried in a third interlayer insulating film 14 through the 
intermediary of a 

first interlayer insulating film 12 and a second interlayer 
insulating film is 

formed above the transistor 3, and a protective film 16 is formed 
on the third 

interlayer insulating film 16. By the presence of the protective 
film 16, a 

short circuit is restrained from occurring between the adjacent 
storage 

electrodes 7 even if an HSG 21 is formed on the surface of the 
storage 
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1 

mtr^m^mi f>ztm<^mm^mi, 

il/c b ^ >- i^'X 1 1 1 tC D R A M CDj'i t 'J -b:;^ 

imMm4 1 mm^^^'<->^<or:ffifZ\zy bsa^^istt 

nt. mmmm<o±mf>zi^o:oym^tmo:iL>y^>':^ 
t^zm-mi^^^-r^^ms^^mm-^jimt. tuieffi 

cr>mmt>^m^3mmifzmt^m^^m^'rhJumt , 

\,zmm.^ixrzy'j^ym{m^^^-thJMt. m^i^ 

umm7 3 mt^^mmh lx. i^o ziy^im. m 

t i^tWLb-rhm^H6i,zmM(D^i^^m<nmM:fj 

[ii^3i8 3 mM^>^u^ymma:mzis\.^x. 
m^commtixr/mm^^t^mR^mfrZi-u z3ym^^ 
mtrdfi:. ^t^mm^^m^^^xMmmmmjimi^ 

^bti>^z. mmmm<omm^xi/&mi,zmiy'j':2y 
m^n^^'thzt^mkt't^m^met.tMiirzm 

im^m9] mmt^tmtmmm^'^dmiz. mm 
m^(^mm±isxt/mm±<r>y*j::]ym'^im.-rhtiiib 
commm^^ibmmmzmib)j<A.xt^t^ . ^t^^^im 
^mmrmf>zm^umm^m^~th:it^msLtr6m 
^ms i,znm(r>^m^mn<7:>w^:^m> 

[00013 
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^B:^(cllgt. i^i^^^f*^mc<D±'^fz>vy:$^ikiz 
mm^tLtz^^^^y^. \^^m>hy^)yifm^k<o:^9 y 
^m^^r^^y^^'^^h^{^m.t^<r)mm^m^zm 

[00023 

[ts!^f^S$B3 i^^s DRAM (Dynamic Random Acces 
s Meaory) my^^mmX\t. m^it^^COtii^ 

10 x\ :i<n>^-mzmL. mu<r)AL^\,zmm\.xm^\^fzx 
yy-f-m^^r^^y-^^m. ±^m^^^^^^^ysip^ 
m (Tspm) ^v-uvr <RM^) mDm^i,z-th^b 
[ooo3 3^?t. ^^^^yi5^<^nmnniiZk:x^^)yv 

^<r>yV^y%k (Hemi -spherical Grained Silicon, l^Jl 

T, HSGtid-T) ^^mmm.L. ^m^mamz-i-^ 
20 :i t izx K>mM<:o0:mm^m'^L. mm^M^m:k^'^ 

^:^c?^a^Mt;IStt:r^[Hl^p*3t:i^ ^'i^ 0 

fitit^tr^. 10-7947 S^^Anmz^^^tlX 

V^5, C:£0SOts^i7)DRAM^^'J-fey^$:|5g8 (a) 
— (c) C-^-r, ^8 (a) — (c) ti, IttC, 

ii-^t^t-Cv^-S>. las (a) iz^-rx^^z^ y^ay 

m^i oo±i,zy-hmjmi o i . y-;^ • Hu^vm 

30 ^^=5:^nM^]^MfcH4Jil 0 2, 103$:^i.b^ 

los^mm-^. mz. mi<^mfmmmi 0 5^m 
MLxn mr^wmwLm i o 2 i^zm-t^ f h ^ 

6 ^mi^x j^mpr^imwrnm 1 0 2 tn:^mi>zmm^ti 

fcb'-y hill O 7$rJ^^-f-5, 

[ 0 0 0 5 3 i^t;:. :^®t;^2i?^^^3fei^|g 1 0 8 5:?^ 
^L. II2 0M^^^1 0 8. ^l(7);g^^^l 0 

;H OQ^.ifJi^Ui^yT'SA^jitr, <JCt. :^ffitcm3 

Lx. ^stcTKyi^yr^vjgg^n^mt^cfii. ^L^ff^lsS 

ri^?^@ (Chemical Mechanical Polishing, j^lT, CMP 

t^^) izx-oxmsiDi^mi 1 o±®<7);K 'J 
ym^^.^'ti^ttijifZ. nflspi 1 oa^7)i0!iMhEffiio 
MZTta oyua ym^ y u yr^(Djmfrzm^^-^. z 

50 0 5. ie2co;gfSite^l^l 0 8. |^3<^®f^*feSiBf 1 1 



3 

omir>m^^^mzit. SiOz. BPSO^^^^/Un 
[0006] ±16118 ( a ) X^LfzXm^TTmmM 

[0 0 071 tz^x\ iSiixe^^tztsi^r^K'jv-yn 

(nw^i:n->x\i^h . ^coHumx^Tti. 

7^D,-fe XX' i^^)^ yrnm^iT^W^^^^ ^tix^^ty-y 

[00 08] 

conmmimtm^^ti^^co^^^i^'r. ms ih) tc^ 

^^jiv^yi^^tiXLt^^. i^'Jy^r^cT^mmmMi 

1 i<^±.m^m3comm^mi i otoigg^-i^i^^L^ 

SfJiiL7t^®t::HSGi 1 2A^?^iS$n^Ci:t:i=5:«p, 
[00091 ;^^V^}V^ru>iizii\.^xmiS:Ltz2r>cr> 

^-r^^^-^t^^-t^m^. USGm^mmi.zt,±. MS 
( a ) tc^^i a (,z. M:H(DWmm^X l i co^ii^B 

COm^tmmi l OtCj:':.T^^tC[^T^>fLTl.^^^^, 
HSGIyijaa^tCti, t^8 (b) irZ^^Xot^Z^ ^3^0 

m^^mm 1 0i7)±[B;&<mii-r'&^ca^. Mi^^^^m^ 

^CX^.-mm) . ;^T'HSG3EflS^^Td^. Els 
(c) IfZTTi'tXoitZ. Z<r>^mm\>ZhHSG 1 1 2^J^ 

±;^^^iS60HSG 1 1 2m±mmLfzWBiz^^^. ^ 
^cj:-^-cti^tT,^HSG. -r^j:h'hmmmm^i^3- 

[00101 ^m. DRAm<?^wmitipmtsf,z-:>tix . 

^')'^fl'Cr)^X'±^^j:^^mm^W'th^^^'^i^'^^(n 

x^i&^^xfm-th^~-:^i}mtx<^. mn. hs 
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G£7)feS(i0. 05—0. IfJLmfmX'hht^^.nm 
-r^^mmfiicOH S G U±tf^-^ 3 - h L^v^^oA^tcfi^, 

^mt\fO, 3/imtV^a J:^tCJ2;<^ltt=5:t-mtf=&r 

Lid. ^^xh-h. :^^'J'^)V<Dmsmz^.LX. ffi^ 

@tcHSG^mT5#i£&^ffltT^^^^A>, g^j£L 
^Tfi H s G ^rJ^mr^ d t ^ 

[0011] *%Bg*i. ±iec7)||gg=^m^-r^;ti6t;^ 

$n/ctco-c^-^T. mm^zHSGtm^^Mii^^jy 
y^<oruw&^m^h^^r^^^y9izi6\^x . ^-r^ 

h. 

[001 2} 

20 [IRjai^jff^T'S.^^d^^O^j^] AMO^B^^im^-t^tz 

{zjB^^ tifzmm(ommn x x/^miz^ o x m^^ti. 
mmiz^^<Di^ u n yn^^-t^ i^o^ y-h^h-^h >- V 
yymyf^w^^-m^hnm>^-^f^'y^^m7L. 
tfi< h i^mm-h^^w^om^z^^'himmr>S:M 
td, i^^}^ym!m^:s^-f'i->^\zwrhmm^^'th 

[ 0 O 1 3 ] ^ LT . Bfliam^M^ LXiX. i-'Jay^ 

^tm (s i3N4) . mtTfU^^^/j^m (a 1 2O3) . 

tfz. mM^^^-^^i^^tf^. ^mi¥^±.izmfS.^ 

tlfzh'7y^:^^tthf,ZDRANl<D^^0'^f\^^m^ 
'rhii<^X'h-^XhX^\ -^^i^-^. ^'yht^<^jLlJ\fZ 
^-r>'N'>'^*-'i£ttJc>il^cl?SjH. \i^t>VphCOB (Capaci 
tor Over Bit-line) *iiS<^^^ 'J-fe>'P, b'-y MSiOT 
:H\C^^^^zy9imi1r^tltimok. l^;bK&^CUB (Ca 
pacitor Under Bit-line) tii&tO^^ 'J-fe/^. COl^-^tt 

[0014] ifc. *^«3o^f^M^^^jt:^ti. 

40 ^mwmm,<r>±.-n(.z^um^m^-thJint.^m^<r* 

^=:.y^-t^:^ti,zx ^^<nm^i3-mmi,zm-h\m 
^mm-h:mt . ')f^j:< ti,\m<^mmt^xxj^^m\.z 

h^Mh. i^'}aymm(ri:r.v^yym.^m^^X'^') 

:nym<r>mm^zmm.^nfzi^') 3 ymim^m^rrhj: 

Ut. iyO::iym<Dmmi>Z§^^oy2yV-=iyn^m^LX 

i^v yy^cD^^'^^>-^<r>Tmvm^mm'^Jimt ^ 
50 i4'ti>;it^^mt'th. 
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[0016] ^m:i. HSGm^^com^coy -yg! 

mmco^mi)mmifzninLx\>^tifzisb. m^-ttr^ 
^(^^i^z^^^^tmmmmt. r^mm±.m<o^h 
mmifzm^^ti^ h s Gf^±-Ci^ 3 - n lx t ^ 

zOsi^, sicm^m^^m^^tixi^ttziib^ hsg 20 

.y SEX -y ^Vi/^ o T *i C: cogp^JhmiS-T 
[00 17] 

[^l*i;*^]5|£7)?^^£7)DRAM £?5^ 30 

UfSia, 03— ^5^iR^^•J-^r/^^?)^)tXg$r^^7° 
RAM;<^^J-tfHZ:^^m^mmLfcmx^:^. 
[ 0 0 1 8 ] ^Jo , :^B^$fflST'ti, >- U a vftomt 
LT" HSG" ht^^ffiig^fflUS, HSGt^a:*: 
5?^, " Heni -Spherical {^m^CO) " 

[ 0 0 1 9 ] 13 1 tc^-Ti ^ fcr, 1 -y<n^^^^9-y 

-/P 6 ^ f^jglitc^O J; ^ C^mmS 7 <7)y - y -^ix 
mm^nTi*^^. coBm^icOJ^, ^^-ny^^ 
h;J.-;^gfi-C'^||^i:h''y MHi^^^i/a - h-T^co^ig 

(t^^a^tc. ^Mr7y:S'^^7^-;^_b^cb'•y^^^ge@ 50 



#^2 0 0 0-3 070 78 
6 

'thiymz\t\^i)^^j:\^coX. tm.mf^S-y 1$:^^ 

tC. fe£Ht«/N-^f^":^10»^i:^t^b' yh^8±t3@t/^^ 
^la$-?^|i£L, icO^^gPl aJbC^b'y NrJV:^'^ 

C^-r 1 1 Ji£0:fc&2':>c7)#mm€§ 

7C0[gIA^. ^^:'J-b/PrW^«sT'^S^7R±C0^ 
^*^ai>^V^^T'*)0, -e^OfmPggtiMi-if 0. 15 

[OO2O]02$:ffll ^T±IS^ t U ■byL'(7)gff®|git ^ 

mmtht. '^'jaymsLi ocr>mmi.zhi^y^m^ 

^2ocoh^>'>''x^ 3*^j^^$nTv^^. ^h^yi^ 
cDAi:^(,zt,m 1 <7)mmm^m 12.^2 co®f@»e 

i^Ml 3^^tTll^3i0^fa*fe^]^l 4<D^m^Zimhih 

ttwcmioi^v yrm.=^-v^^i^:$' 1 5 (wf. mz^-Y 
yx-v'^'tt^d ) ?!?>?FM$n. m3<r>mm^mmi4±^z 
^mmi6i^m^^tix\>^^. t.rz. ^^j^^z^i^isto 

m^im^i2. m2<r>mmmiimi 3i?^'^vaymit 
mtBPSGcommmmi. i^j:t/®3-05tcfc(,^ 

m<mxh^. 

[002 1 ] hxyi^x^3ii. y~hW^i 9. y- 
xmmy\'\^-iymM^^j:-tnmpr^ms^n^m4. 5^ 

>'^$nf^jK'J^'J=7>'Ml 7 (OT, DOPOSj^t 

^K'jHf^ KMj&^'^^O. :>-'-h^figl 9£/)iBIM(C^f-f K 
^:r"/l'2 0>&^?g^$ti.. nm^*t?tjfe£M4. 5tiU 

^-^s^!f^j5i;SfcM4 6c^fl3>':5'i^ ^T^w^6^^LT^ 

i^tc^i^'j^ ym<^mm\,z\i^'m<^ h s g 2 1 
*^m$n-cv^-2>. ^Lt. ^wmi±\zm-mmm 

\^nM 2 2 'J U 3 ^fil^JKtCtii^ 'J 

[0022] iilT. _hlfifilf^£(7>D R AM^ t y -byl-coiil 

j^:^r&tzo^^Tia3-|g5^fflv^TiJiH^-r^, ^-f. [M 

3(a) i,Z^Xo\iZ^ i^yriy^^l 0tca?$400 

WiMBnmw-Ymim23^mm-^. mz. 

hnmx 9t^hW^l OOnincODOPOSl^l 7. 
^1 OOnmO^^yyx^-yiy^J'^^^ HJ^ 1 8^^ 
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:t^yp^'- 3 0 k e V-C^ :t>'aiALr<Ri^^*B!mt£S[ 
®^mt. mmi OOnm^COi^Oay^im^fz 

0 0 n m^^ >- U 3 Vigg-fbJKi; 1^4 0 0 n m CO B P S G 

i^^fSffii L . -^n-cmm^ 5 o o n mioi^ 1 (^mmi&.mm 

m 1 9 ±com^x'im 1 cnmmi^mm 1 2 c7)^ti 2 0 

[00 24] iXiz, S3 (b) ^z^^xoiz^ mi(om 
mimmi 2^mmLx h^>'i^:^i5^ 3<onm^mj: 

\Lyhay:?::^h^^-fi^9co^^^^m3 ih)f,ziim^ 

^tl^y^^ijK TL^iO. 2 5/imt-t-S>. mz^ t'^/h 
^^®{-H!tJ^L, c:n^«l(go. 2//m^m^>'^•^^'-::^ 

[0025] ^3 ( c ) tZ^-ti et^. t'-y hit 

8 9 i: o tern 2 coMfmife^j^ 1 3 ^ ^®t::fl^-r 

j!?6 0 0nmC0BPSGjmS:l^t^L, ^ttT'J^7 0 0 
nmt0^2£0®II3i^]Kl 3hT^. CMP^ 

tfv\ l^2iO^^^J^i 3co^®^^ffl<hii-^, vi^: 

i^K7l;-/P9fcRei. ?LmiO. 2 5>umt-r^, 

i&f±CVD&^)?§V^Tl^/?3 0 0nmc7)DOPOS 
^2 4^^mz^|^L/cf^. DOPOS|^24?:X.y'f- 

OPOSj^2 4*^ffii62i^^T-:^.:4t^i:=5:^, -TCT'ti, 
x.y^>'^yi?cofti:>0tc. CMP$-tToT^:^J&:DOP 
OS^2 4^|^i-LTi)J:V^. 

COO 26] 134 (a) \,z5x<-t X o ^Z ^ ^3co;g 
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O0nm£Ol^3t0^^^ffi?14fc'^S. <?CV^T\ 

sGm<m.m'm^m^^^^t\,zi^x.x. i^^}^ymm 
^fflusrttcL, >-'Ju:^®£>ft:]^^'^=^-6^3^o^^ 

[0027] 04 (b) \,z^<txo\,z. mm\ 
6 1 m 3coM^«y*ig 1 4 :r b u y :7 >f 

3L^v^>'^m^m\^Xf'i'^--yi:^^h^ti,zx 
0 , 'J y ^*^<7)^m@ 7 & fz)h<^m^ 2 5 

^^uy^^Y ^-/l- 6rt<7)DOPOS]^2 4t 5:*^^ 
-thtl^^. ^MrJ>'^i?h^^-;U6|*IC0DOPOSj^ 
2 4 <7)±J[§;&qHIg? 2 5 f^t:i^5^ai-r ^ J: 9 tcm2 
^JfeiJtJ^l 3t.200 nm^mx-yf-V^^nSctat:! 

i:IHI^2 5 1 6 tl^3c0^im«s 

[0 028] <X^. (a) t^^-fcfc^tC. D0SP2 5 

2 0 0 nm cor ^/P:? rXi^U =J ^^2 6 

-r-^, ^coT^;l^:7rXi^Un^^M2 6:^^f^T'^^l^ 

30 ^^i:LTi>J:M. 

[00 29] zz.x\ ^mz:itzi^mu'^:^h {.m^ 

t . {mm 1 6 ^xum3cr>mmmm. 1 4 £o_b:^r(c^) 
suy;^hti^^ii^*^ mm2s<n^timtm^^ 

x^T-i- 'J yy^<nr^fvy r x u 3 2 6 ^fi^ 

[15 (b) tc^-ri;3C. fii^l 64^j:t>^m3<?5 
rgfS^i^J^ 1 4<7)±:^C$)-S>T^;U7 rXv- »J n v^2 
40 6 i^T . DDSP 2 5 cofffl® t mmi.Z^ 3 ^^t^co 

^^r^/l^:? r Xv-U 3 VM2 6*^^^L, ^^@7?E;« 

[0 030] Jictc. ^mmS7^^-rr^;u:7rXi^u 

3 >M 2 6 coH s G^:m.<r^mm^t Lt :7 >y Misras- 
fio^t^zX'O . T^:/^:7rx>''j3Vj^2 ecoiSM^ 

cOl^t^ti, T^-ySEiTt^y^n : 2 0 Ot^^X yf-y^^^g^ffl 

;cox'y^>^?Bt^itc»>x>N^8^?i5rr§. 

50 C0ti(^. I PA5fei^^tf 3, 
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S^M^Bfi£L. iict^T'. DOPOS^»A.^-g)^fni 
mS2 2 ^J^fiStt-^ . iiLbcOXm:: J; 0 , ^2 
miWr>mM.<r> D R A t u -t , 

[00 321 *^5feC0?^®c0DRAM^^U-fe/H3i5V^ 10 

[ OjO 3 3 ] :^^mcommx'mmLtzyi:2-^:^i±^-h 

CO^ThiXiii^ nWi'^O - 0 5-0 - 1 /zmgJ^<7)H 

s G 2 1 n±i)^mi^^ z t im^iz^ t ih>tth . u*- 
L-^^ifih. ^mm(r>mm<^mmfm\.zxfi\t. Jiies^ 

:^?iT'^ h . 30 
[00 34] i/c, :^mm<rimm(r)^, r=^/uyr:^ 

^^nm-thmi^z^ r^/U:7r;^i^yr7>'J^2 6c7)[uigii 

mzui^^xhi:mif>i^A.x\^^hcox\ wmmmit^^ 

[00 35] im2<^mm<r>mmi ot. *:^^tom2 
^mmcr>mm<r>D RAM (^mm&m) <n^'tU'^f\^^ 40 

[0 0 3 6] meiZ^.'tXoiz^ lotsafe^gfcM^N-^S^-^ 
l^^:2:^(7)y-hU2timmL, 2-:>cOh^yi^:^^ 
3f}mm,^i\X\^^6. Ztl^imhi-^t. l36T'ti2 

±iz^^ay^^h'i'^-fi^b^mf^^ti. ^Mriv^^ 50 
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b 4^-71^ 6 $: l^gPC^ O J: 5 tC^m^ 7 iO>'N*:S^- Vt^^ 

m^nm 1 to^co?^®£oc o B mn<rn^ t o . 

y 1 ±i,zmmrt^mmmm i omt^^ ^ * u -t/i^^sto 
4^r^mmfii7[si±io^^*>'^^$^i^^'c^^o. -eio 

[0 0 37] mi^n\^xiM^^^)^)vamw^^ 
mmth t . 'J :3 ym^ i o o^sc: h v-f-s^ 

{,z^iv^ixV=7yi^:^9 3imWL^ixX\'^h. Vyy-J 
3i7)Jb:^C(il^ 1 coMfS^^ 1 2 LT^2iO 
MI^M^Ml 3cOf^aCt^*lA6iX^fut^^-\'>'t£^:5' 1 

Btm^^ix. 'm2<nwmmm\ 3\j,z%w^\ eif^ 
^jfeigti^i Atm^^fL. %3<r>wmmm\A}L\.z\± 

[0038] h^vyX:5'3<0^*-NmSl 9tiDOP 
OSIgl 7 t:?'Vi^X7=->'i-'yif^ Hl^l 805^y^X 
7">';jfJ^>f h'^3i>»i^^tO. ^^'-h^l 9(nmmZ'^ 

^Y'^^-}V20im^^fi.. wmK^wmwrnA. 5 

tiLDomitt^-oTv^^, h^yi^:^^3^^-i-—^ 

(Dnm^mmw^Ai^zm&^^yi^i^ h^^-fue^itv 

'Sr-r U n ym^imzii^^co H S G 2 1 ij^m^^ fi 

m . m^^m2 2ij^m!mm.^ti. ^•r^N-i^rj'i 5a« 

•y h n yrJ' 7 b^.-7^9 ^^n^ tr t'-y hWiSt^^^ti 

[00393 *sste<7)fl^@<7)ii^t,, m2<ommmitm^ 
mcoy ^ym:j^'y^yi^x'm2^mmmmi 3//^r 

B^s5§T'^l^^>'^•>'^ 1 5±iz\zy h^ammt^^c 

ilti", >-3"b^J^y/^fct-S>Ci:^<, HSG2.l£7)?^ 



<7 

1 1 

^r^^^-^^ m^-t S i t T ^ ^ . 

[ 0 0 4 0 ] . ^^mcoim^m^ti^m^i^mB 

mim±(o^mifZ^mm^m^L. m^^AX'z<7)i^mm 10 
'^B-h]^±t\>^o^^<7ymm^-^'tht. us Git 

^mm^htiiix\i^(7>x\ mtiizcommtrzcoTf^^mm 
A-'#^EL. mcomm^tM\^L^j:^mi>zit^mm^jB 

[ 0 0 4 u ^ /c. ±^mcommx^.Lfc^mm(r>m 
m''^'{^m^<7>mm)^^mizm vx^m^(o--m^z-^^' 

^ i t *>'C^ ^ . 

[004 23 

iiitf. mm-ri>T^mM<omz{^Lm-^m^mco±m 

izi^V ^ym{tm<^:j^ y^:^^(,zM^^mii^^^h^ 

mmtim^^tLX v^2,7t*^. h s G^kx^corjit!^ t l 
mvmm±<^i^ b -hT-^<o^^mmi>z\t^±-rh ^ t 
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